A new mean dynamic topography (MDT) for the Bering Sea 
solutions [e.g., Bingham and Haines, 2006; Foreman et al.,, 2008] . This method takes 48 into account dynamical information, but may not be statistically consistent due to poorly 49 known errors in model forcing.
50
The four-dimensional variational (4Dvar) data assimilation technique corrects these 51 inconsistencies, since it computes MDT as a component of the mean climatological cir-52 culation which satisfies model equations on one hand and provides the least discrepancy 53 with observations on the other. The 4Dvar has proved to be a useful and efficient tool 54 in numerous ocean circulation studies (e.g., [Wunsch, 1996; Awaji et al., 2003; Panteleev 55 et al., 2006a) . A disadvantage of this approach is its computational cost which prevents 56 production of the global 4Dvar analyses [Stammer et al., 2002; Menemelis et al., 2009] 
58
On the basin scale, variational inversions at high latitudes are known in literature for 59 almost two decades. The early efforts were limited to 3Dvar steady-state problems at 60 modest resolutions with simplified dynamics (Brasseur et al, [1991] ; Grotov et al, [1998] ; is a modification of the C-grid, z-coordinate OGCM designed by Madec et al. [1999] (see [Nechaev et al., 2005] , for details). the model fields at the beginning and at the end of integration. The cost function has the 147 form:
Here Thacker, 1989] .
162
In practice, inversion of the N × N Hessian matrix is computationally prohibitive, so we employed an approximate approach assuming that the structure of the SSH error fields roughly followed their patterns of natural variability. These patterns were estimated as the leading EOFs of the covariance matrix C derived from the Aviso SSH anomalies.
The corresponding spectrum shows that 90% of the SSH variability (and error variance)
could be explained by n=20 modes ( n-dimensional subspace spanned by these leading modes and then projected back on the model grid using the relationship: 
166
The error covariance of the surface geostrophic velocities is estimated by the relationship of our result in this area (Fig. 6 ).
188
The pattern in Fig. 5a 
215
Inspection of the error map in Figure 6 shows that the MDT errors are significantly island is due to the relatively dense mooring observations in that area (cf . Fig 3b) . The circulation in the Bering Sea. Importantly, the SSH pattern in Fig. 5a gyre is supported by drifter data (Fig. 3a, Stabeno et MDT (Fig. 5d) which is presumably more accurate in the open sea. The A09 pattern also 267 appears to be more consistent with the Argo float data (Fig. 3b) observations tend to be less accurate (cf. Fig. 5d and Fig. 5a-c In the first series of experiments the 4dVar algorithm described in Section 2 was applied MDTs and the Aviso anomalies is not sufficient to resolve the complicated geometry of 328 the Amukta Pass, the agreement between these estimates should be considered as perfect.
329
On the contrary, assimilation of the Aviso anomalies referenced to other MDTs provides 330 transport estimates less consistent with observation. R05 (Fig. 8b ) and R09 demonstrate 331 the weakest flows of 1.4 and 1.7 Sv respectively, whereas A09 produces 2.0 Sv on the 332 average.
333
All these examples illustrate significant advantage of the presented MDT as compared to 334 the best global products which generally suffer from larger errors in near-coastal regions.
Apart from somewhat better resolution, our product benefits from much better usage of 336 the dynamical information which significantly constrains SSH field near the coast. 
Summary and discussion
Presented is a quantitative estimate of the mean dynamical topography in the Bering 
353
Lawrence island.
354
We conducted a rigorous error analysis of the MDT and related geostrophic currents.
355
The MDT uncertainties were computed by inverting the forward. We believe that the presented MDT will improve the accuracy in estimating the
376
Bering Sea surface circulation and may be even used for calibrating the geoid models in 377 the region.
378
The presented MDT can be viewed and downloaded from http://people.iarc.uaf.edu/gleb/nprb aleutian passes/ 379 together with the optimized climatological temperature, salinity and velocity distribu- 
